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(57) ABSTRACT 
Example embodiments presented herein are directed towards 
an eNodeB, and method therein, for generating downlink 
communications in a multiple antenna system. The method 
comprises transmitting, to a number of user equipments, a 
plurality of reference signals, where each signal is beam 
formed in a distinct direction within at least one correlated 
domain (e.g., elevation and/or azimuth). The eNodeB 
receives at least one CSI report from a specific user equip 
ment and determines a primary reference signal based on, for 
example, the at least one CSI report. The eNodeB may there 
after generate downlink communication signals for antenna 
element(s) and/or Subelements of the multiple antenna sys 
tem. The downlink communication signals are beam formed 
into a transmitting direction that aligns most closely with a 
beam forming direction of the at least one primary reference 
signal, as compared to any other beam forming direction of 
the reference signals. 
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NODE AND METHOD FOR GENERATING 
BEAMFORMED FOR DOWNLINK 

COMMUNICATIONS 

TECHNICAL FIELD 

0001 Example embodiments presented herein are 
directed towards generating beam formed for downlink com 
munications in a multiple antenna system. 

BACKGROUND 

Overview of Multi-Antenna Systems 
0002 Multi-antenna techniques may be used to signifi 
cantly increase the data rates and reliability of a wireless 
communication system. System performance may in particu 
lar be improved if both the transmitter and the receiver are 
equipped with multiple antennas, which results in a multiple 
input multiple-output (MIMO) communication channel. 
Such systems and/or related techniques are commonly 
referred to as MIMO. 
0003. The LTE standard is currently evolving with 
enhanced MIMO support. A core component in LTE is the 
support of MIMO antenna deployments and MIMO related 
techniques. For instance there is LTE-Advanced support for a 
spatial multiplexing mode with the possibly channel depen 
dent precoding. Precoding is a form of beam forming to Sup 
port multi-layer transmission in multi-antenna wireless com 
munications. Beamforming is a signal processing technique 
used with antenna arrays for directional signal transmission 
or reception. 
0004 Spatial multiplexing is transmission techniques in 
MIMO wireless communications to transmit independent 
and separately encoded data signals from each of the multiple 
transmit antennas. The spatial multiplexing mode is aimed for 
high data rates in favorable channel conditions. An illustra 
tion of the spatial multiplexing operation is provided in FIG. 
1 

0005. As seen FIG. 1, the information carrying symbol 
vectors is multiplied by an NXr precoder matrix Wy 
which serves to distribute the transmit energy in a Subspace of 
the N (corresponding to Nantenna ports) dimensional vec 
tor space. The precoder matrix is typically selected from a 
codebook of possible precoder matrices, and typically indi 
cated by means of a precoder matrix indicator (PMI), which 
specifies a unique precodermatrix in the codebook for a given 
number of symbol streams. The r symbols in s each corre 
spond to a layer and r is referred to as the transmission rank. 
In this way, spatial multiplexing is achieved since multiple 
symbols can be transmitted simultaneously over the same 
time/frequency resource element (TFRE). The number of 
symbols r is typically adapted to Suit the current channel 
properties. 
0006 LTE uses OFDM in the downlink (and DFT pre 
coded OFDM in the uplink) and hence the received Nix1 
vectory, for a certain TFRE on subcarrier n (or alternatively 
data TFRE number n) is thus modeled by: 

where e, is a noise/interference vector obtained as realiza 
tions of a random process. The precoder, W., may be a 
wideband precoder, which is constant over frequency, or fre 
quency selective. Note that the signals above (e.g., y) could 
alternatively represent a signal in the time-domain. It is gen 

Sep. 19, 2013 

erally understood that signals described herein may represent 
signals in other domains than in the time-frequency grid of an 
OFDM system. 
0007. The precoder matrix is often chosen to match the 
characteristics of the NXNMIMO channel matrix H, result 
ing in so-called channel dependent precoding. This is also 
commonly referred to as closed-loop precoding and generally 
strives for focusing the transmit energy into a subspace which 
is strong in the sense of conveying much of the transmitted 
energy to the user equipment. In addition, the precoder matrix 
may also be selected to strive for orthogonalizing the channel, 
meaning that after proper linear equalization at the user 
equipment the inter-layer interference is reduced. 
0008. In closed-loop precoding for the LTE downlink, the 
user equipment transmits, based on channel measurements in 
the forward link (downlink), recommendations to the eNo 
deB of a suitable precoder to use. The user equipment selects 
a precoder out of a countable and finite set of precoder alter 
natives, referred to as a precoder codebook. A single precoder 
that is supposed to cover a large bandwidth (wideband pre 
coding) may be fed back. It may also be beneficial to match 
the frequency variations of the channel and feedback a fre 
quency-selective precoding report, e.g., several precoders, 
one per Sub-band. This is an example of the more general case 
of channel state information (CSI) feedback, which also 
encompasses feeding back other entities than precoders to 
assist the eNodeB in Subsequent transmissions to the user 
equipment. Such other information may comprise channel 
quality indicators (CQIs) as well as a transmission rank indi 
cator (RI). For the LTE uplink, the use of closed-loop precod 
ing means the eNodeB is selecting precoder(s) and transmis 
sion rank and thereafter signals the selected precoder that the 
user equipment is Supposed to use. 

SUMMARY 

0009 Active antennas may comprise many subelements 
and arrays of active antennas may comprise even more. Such 
antenna configurations were neither thought of nor taken into 
account, when existing codebooks where designed. Thus, at 
least one example object of the example embodiments pre 
sented herein is to provide spatial multiplexing transmission 
techniques in MIMO wireless communications which 
account for the various Subelements which may be comprised 
in active antenna arrays. Some of the example embodiments 
are also directed providing improved data communications 
which may provide beam formers with improved link adapta 
tion, modulation, precoding, and transmission rank of the 
multiple antenna system. It should be appreciated that the 
example embodiments presented herein may also be applied 
without the use of spatial multiplexing, in which case only 
elevation beam forming may be utilized. Furthermore, 
according to Some of the example embodiments, spatial mul 
tiplexing may be utilized where beam forming may be pro 
vided in only the azimuth direction. According to other 
example embodiments, beam forming may be provided in 
both an azimuth and elevation domain. 
0010. Accordingly, some of the example embodiments 
may be directed towards a method, in an eNodeB, for gener 
ating downlink communications in a multiple antenna sys 
tem. The eNodeB is comprised in a wireless communications 
network. The method comprises transmitting, to a plurality of 
user equipments, a plurality of reference signals. Each refer 
ence signal is beam formed into a distinct direction within at 
least one correlated domain of the multiple antenna system. 
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The method further comprises receiving, from a specific user 
equipment, at least one Channel State Information (CSI) 
report for at least a Subset of reference signals of said plurality 
of transmitted reference signals. The method also comprises 
determining at least one primary reference signal among said 
first set of reference signals. The method further comprises 
generating downlink communication signals for antenna ele 
ment(s) and/or sub-elements of the multiple antenna system. 
The downlink communication signals are beam formed into a 
transmitting direction that aligns most closely with a beam 
forming direction of the at least one primary reference signal, 
as compared to any other beam forming direction of reference 
signals comprised in the first set of reference signals. 
0011. Some of the example embodiments may be directed 
towards an eNodeB, for generating downlink communica 
tions in a multiple antenna system. The eNodeB is comprised 
in a wireless communications network. The eNodeB com 
prises radio circuitry configured to transmit, to a plurality of 
user equipments, a plurality of reference signals. Each refer 
ence signal is beam formed into a distinct direction within at 
least one correlated domain of the multiple antenna system. 
The radio circuitry is further configured to receive, from a 
specific user equipment, at least one CSI report for at least a 
subset of reference signals of said plurality of transmitted 
reference signals. The eNodeB further comprises processing 
circuitry configured to determine at least one primary refer 
ence signal among said first set of reference signals. The 
processing circuitry is further configured to generate down 
link communication signals for antenna element(s) and/or 
sub-elements of the multiple antenna system. The downlink 
communication signals are beam formed into a beam forming 
direction of the at least one primary reference signal, as 
compared to any other beam forming direction of reference 
signals comprised in the first set of reference signals. 
0012 Some of the example embodiments may be directed 
towards a method in a user equipment, for establishing beam 
forming for a multiple antenna system. The user equipment is 
comprised in a wireless communications network. The 
method comprises receiving, from an eNodeB, a plurality of 
reference signals. Each reference signal is beam formed into a 
distinct direction within at least one correlated domain of the 
multiple antenna system. The method further comprises mea 
Suring a corresponding effective channel for, at least a Subset, 
of the plurality of reference signals. The method also com 
prises determining a recommended effective channel, among 
the effective channels, based on a performance metric relating 
to a performance of a data transmission over a given effective 
channel. The method also comprises transmitting, to a wire 
less communication network, an index identifying the recom 
mended effective channel. 

0013 Some of the example embodiments may be directed 
towards a user equipment, for establishing beam forming for a 
multiple antenna system. The user equipment is comprised in 
a wireless communications network. The user equipment 
comprises radio circuitry configured to receive, from an eNo 
deB, a plurality of reference signals. Each reference signal is 
beam formed into a distinct direction within at least one cor 
related domain of the multiple antenna system. The user 
equipment also comprises processing circuitry configured to 
measure a corresponding effective channel for, at least a 
Subset, of the plurality of reference signals. The processing 
circuitry further configured to determine a recommended 
effective channel, among the effective channels, based on a 
performance metric relating to a performance of a data trans 
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mission over a given effective channel. The radio circuitry is 
further configured to transmit, to a wireless communication 
network, an index identifying the recommended effective 
channel. 
0014. An example advantage of some of the example 
embodiments presented herein is that the CSI feedback from 
the user equipment may be significantly better aligned with 
the elevation beam former used for the data transmission, 
thereby increasing the performance in terms of spectral effi 
ciency and robustness. 

DEFINITIONS 

3GPP 3rd Generation Partnership Project 
CoMP Coordinated Multi Point 

CRS Common Reference Symbols 
CSI Channel State Information 

CQI Channel Quality Indicator 
DFT Discrete Fourier Transform 

DL Downlink 

eNB Evolve Node B 

EPRE Energy Per Resource Element 
FDD Frequency Division Duplexing 
0015 

LTE Long Term Evolution 
MIMO Multiple Input Multiple Output 

GSM Global System for Mobile communications 

OFDM Orthogonal Frequency-Division Multiplexing 

PUSCH Physical Uplink Shared Channel 
PMI Precoder Matrix Indicator 

RAN Radio Access Network 

RF Radio Frequency 
RI Rank Indicator 

RRC Radio Resource Control 

RS Reference Signal 
RSRP Reference Signal Received Power 
RSRO Reference Signal Received Quality 
RSSI Received Signal Strength Indicator 
RX Receive 

TFRE Time/Frequency Resource Element 
TxTransmit 

UMB Ultra-Mobile Broadband 

UE User Equipment 
UL Uplink 
WCDMA Wideband Code Division Multiple Access 
WiMax Worldwide Interoperability for Microwave Access 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The foregoing will be apparent from the following 
more particular description of the example embodiments, as 
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illustrated in the accompanying drawings in which like ref 
erence characters refer to the same parts throughout the dif 
ferent views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the example 
embodiments. 
0017 FIG. 1 is an illustration of a transmission structure 
for a precoded spatial multiplexing mode in LTE: 
0018 FIG. 2A is an example illustration of a co-polarized 
antenna configuration; 
0019 FIG. 2B is an example illustration of a cross-polar 
ized antenna configuration; 
0020 FIG. 3 is a depiction of codebook based precoding 
with a 2 TX cross-polarized antenna array; 
0021 FIG. 4A is an illustration of an antenna subelement: 
0022 FIG. 4B is an illustration of an antenna subelement 
featuring orthogonal polarization compared to the Subele 
ment of FIG. 4A; 
0023 FIG. 4C is an illustration of an active antenna array: 
0024 FIG. 5A is an illustration of a 2 TX active antenna 
array; 
0025 FIG. 5B is an illustration of a 8 Tx active antenna 
array; 
0026 FIG. 6 is an example illustration of message trans 
mission, according to Some of the example embodiments; 
0027 FIG. 7 is an example node configuration of an eNo 
deB, according to some of the example embodiments; 
0028 FIG. 8 is an example node configuration of a user 
equipment, according to Some of the example embodiments; 
0029 FIGS. 9-11 are flow diagrams of example operations 
which may be taken by the eNodeB of FIG. 7, according to 
Some of the example embodiments; and 
0030 FIG. 12 is a flow diagram of example operations 
which may be taken by the user equipment of FIG. 8, accord 
ing to Some of the example embodiments. 

DETAILED DESCRIPTION 

0031. In the following description, for purposes of expla 
nation and not limitation, specific details are set forth, Such as 
particular components, elements, techniques, etc. in order to 
provide a thorough understanding of the example embodi 
ments. However, the example embodiments may be practiced 
in other manners that depart from these specific details. In 
other instances, detailed descriptions of well-known methods 
and elements are omitted so as not to obscure the description 
of the example embodiments. 
0032 Some of the example embodiments presented herein 
are directed towards providing user equipment specific beam 
forming for downlink communications. As part of the devel 
opment of the example embodiments presented herein, a 
problem will first be identified and discussed. The description 
below is organized as follows. 
0033 First, examples of existing precoders will be briefly 
discussed under the sub-heading “Examples of Existing Pre 
coder Codebooks for LTE’. Thereafter, an introduction on 
reference symbols which a user equipment may utilize for 
precoder determination is provided under the Subheading 
“Channel State Information Reference Symbols (CSI-RS). 
Afterwards an introduction of CoMP transmission is pro 
vided under the subheading “Coordinated Multipoint Trans 
mission. CoMP feedback may be used by the user equipment 
to send signal quality measurements to the eNodeB. The 
eNodeB may in-turn provide the downlink communications 
based on, at least in part, these measurements, according to 
some of the example embodiments. Thereafter, an introduc 
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tion to antenna arrays and active antennas is provided under 
the subheadings “Antenna Arrays” and Active Antennas, 
respectively. Afterwards, a detailed analysis of some of the 
example embodiments will be provided. 

Examples of Existing Precoder Codebooks for LTE 
0034. 2 Tx Codebook 
0035 LTE Release-8, the first release of LTE, features the 
Support codebook based precoding for 2 antennas. Up to two 
layers can be transmitted (rank 1 and rank 2), thus making the 
precoder matrix W of dimension 2x1 and 2x2, respec 
tively. 
0036 8 Tx Codebook 
0037 LTE Release-10, and later specifications, support a 
transmission mode for up to 8-layer spatial multiplexing for 8 
TX antennas using user equipment specific RS. Rank adapta 
tion and possibly channel dependent precoding is also Sup 
ported. User equipment specific RS is used for demodulation 
purposes and because of that the eNodeB is free to use what 
ever precoder(s) it wants to, but it may be assisted in the 
determination of precoder(s) via CSI feedback from the user 
equipment that includes recommended precoder(s). For the 
time-frequency resource of interest, the user equipment 
selects a precoderWs out of a set of possible precoders in a 
precoder codebook which then is used together with an input 
Symbol Vectors, to produce an output signal Xs=Wss, 
for r layers. 

Channel State Information Reference Symbols (CSI-RS) 
0038. In LTE Release-10, a new reference symbol 
sequence was introduced with the intent of estimating chan 
nel state information, the CSI-RS. The CSI-RS provides sev 
eral advantages over basing the CSI feedback on the common 
reference symbols (CRS) which were used, for that purpose, 
in previous releases. Firstly, the CSI-RS is not used for 
demodulation of the data signal, and thus does not require the 
same density (i.e., the overhead of the CSI-RS is substantially 
less). Secondly, CSI-RS provides a much more flexible means 
to configure CSI feedback measurements (e.g., which CSI 
RS resources to measure on may be configured in a user 
equipment specific manner). Moreover, the Support of 
antenna configurations larger than 4 antennas should resort to 
CSI-RS, since the CRS is only defined for at most 4 antennas. 
0039 Based on the CSI-RS, the user equipment may esti 
mate the channel and consequently also figure out which 
precoder suits the particular channel. For the purpose of CSI 
feedback determination, the user equipment assumes that 
each of the rows corresponds to an antenna port (ports 15-22) 
on which a CSI-RS port signal is transmitted. The first row 
represents antenna port 15, the second row represents antenna 
port 16, and so on. Each CSI-RS port signal is typically 
transmitted from an antenna of its own, meaning that there is 
a direct correspondence between a CSI-RS port and a physi 
cal antenna. 

Coordinated Multipoint Transmission 
0040 Coordinated Multi Point (CoMP) transmission and 
reception refers to a system where the transmission and/or 
reception at multiple, geographically separated antenna sites 
is coordinated in order to improve system performance. The 
coordination can either be distributed, by means of direct 
communication between the different sites, or by means of a 
central coordinating node. 
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0041 CoMP is a tool introduced in LTE to improve the 
coverage of high data rates, the cell-edge throughput and/or to 
increase system throughput. In particular, the goal is to dis 
tribute the user perceived performance more evenly in the 
network by taking control of the inter-cell interference. 
0042 CSI-RS Received Power 
0043. In order to enable efficient CoMP schemes, new 
forms of CSI feedback are potentially needed. For instance it 
is an agreed working assumption, for LTE Rel-11, that the 
network can configure a user equipment to report signal quali 
ties (e.g., received signal powers) based on measurements on 
a configured set of CSI-RS resources. A CSI-RS resource 
may loosely be described as the pattern of resource elements 
on which a particular CSI-RS configuration is transmitted. A 
CSI-RS resource may be configured through RRC signaling. 
0044. Such a measurement could be done coherently, in 
which case the user equipment needs to know the CSI-RS 
sequence that is transmitted on the CSI-RS resource, or inco 
herently in which case the transmitted actual sequence can be 
transparent to a user equipment. It should be appreciated that 
herein any signal quality measure based on measurements on 
CSI-RS resources is referred to as “CSI-RS received power” 
(CSI-RSRP), but it should be understood that CSI-RSRP 
encompasses any quantity that represents a received quality 
of a CSI-RS signal. The estimated values of the CSI-RSRP 
may then be fed back from the user equipment to the eNodeB. 

Antenna Arrays 

0045. On the network side, base stations are often 
equipped with multiple antennas to be used for reception and 
transmission. The antennas intended for a transmission point 
(e.g., a cell, and/or a sector), form a so-called antenna array. 
Some typical antenna array constellations are illustrated in 
FIG. 2. For instance, one common antenna array layout is to 
use co-polarized antennas in order to constructantenna arrays 
as shown in FIG. 2(a). Furthermore, another common layout 
is to instead use cross-polarized antennas as shown in FIG. 
2(b). 
0046. Using, for example, a 2 Tx cross-polarized antenna 
array (c.f. the top most antenna setup in FIG. 2(b)) implies 
that the antenna array is fed with two signals, X and X. This 
is illustrated in FIG. 3 where it has been assumed that a 2 TX 
antenna array is used with codebook based precoding, so that 
the transmitted signal is X2=WS,. 

Active Antennas 

0047. An active antenna comprises a number of subele 
ments that jointly form the antenna. In FIG. 4(a) a subele 
ment, in practice may be realized by a small physical device, 
as is illustrated. Each subelement will have a polarization 
direction which potentially can be orthogonal to another Sub 
element's polarization. This is illustrated in FIG. 4(b) where 
a Subelement with orthogonal polarization compared to the 
subelement in FIG. 4(a) is shown. Finally, in FIG. 4(c) an 
active antenna array which consists of Ns. Subelements is 
shown. In general, but not necessarily, all the Subelements of 
an active antenna are of the same polarization. Note that each 
given subelement i can be fed the given signal x not neces 
sarily equal to x'. 
(0048. Herein, when dealing with more than one active 
antenna, the notation X, will be utilized when referring to a 
signal, or function, related to the j:th subelement in the i:th 
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antenna. These indexes will however be omitted when it is 
clear from the context what is being referred. 
0049. By combining two active antennas of different 
polarizations, as illustrated in FIG. 5(a), a 2 Tx antenna array 
may be created and fed with two different signals, X and X 
where xx,'... x,Y. Furthermore, by combining mul 
tiple 2 Tx antenna arrays, as illustrated in FIG. 5(b), an 8TX 
antenna array may be created. Here the signals X, are no 
longer explicitly shown but they are still assumed to be 
present in the same manner as in FIG. 5(a). 
0050 Existing precoder codebooks in different standards 
have been designed for conventional antenna arrays. For 
example, in LTE Release 10 and beyond, precoder codebooks 
for 2, 4 or 8 Tx antennas are supported. There is thus a 
precoder codebook Suitable for each antenna array type. 
Hence, when using, for example, a 2 TX antenna array, the 
standard is designed to use the 2TX codebook meaning that X 
and X can be fed to the antenna array just as in FIG. 3. 
0051 Active antennas comprise many subelements and 
arrays of active antennas comprise even more. Such antenna 
setups were neither thought of nor taken into account, when 
the existing codebooks were designed. Therefore, existing 
codebooks do not utilize the fact that the subelements can be 
accessed as illustrated in FIG. 5. 
0.052 Moreover, for large active antenna deployments, the 
sheer number of Sub-element antenna ports can create so 
many degrees of freedom that the CSI feedback overhead 
from a user equipment becomes prohibitive. 
0053 Active antennas, antenna arrays and arrays of active 
antennas may be generalized to a system of multiple anten 
nas. Herein, the phrase multiple antenna system is used to 
describe a set of antennas (comprising one active antenna 
with multiple Sub-elements) that constitutes a transmission 
point (i.e., with the intent to serve a sufficiently isolated 
region of space. Such as a cell and/or sector). 

Overview of Beamforming According to the 
Example Embodiments 

0054 The techniques described herein allow for feedback 
from the user equipment to be generated and used for guiding 
user equipment specific beam forming in the azimuth and/or 
elevation domain by using multiple antenna systems even 
when existing codebooks not are designed for this purpose. 
0055 FIG. 6 provides an example illustration of a general 
overview of the example embodiments. In FIG. 6 the com 
munications which may be transmitted between an eNodeB 
and a user equipment are illustrated. It should be appreciated 
that each of the reference signals b, may be transmitted in a 
distinct beam forming direction, however, the transmitted 
data itself may be overlapping. 
0056. As shown in FIG. 6, the eNodeB may first transmit 
a plurality of CSI-RS, with each CSI-RS being beam formed 
in a direction within the correlated domain (circle 1). The 
eNodeB may thereafter determine at least one direction (or 
beam) within the correlated domain which is likely for a 
Subsequent data transmission to the user equipment (circle 2). 
The eNodeB may also configure the user equipment to mea 
sure CSI (e.g., PMI/RI/CQI) for at least one CSI-RS resource 
that is beam formed in a direction that is well aligned, or most 
closely aligned, with the determined direction for the subse 
quent data (circle 3). Thereafter, the eNodeB may receive CSI 
(e.g., PMI/RI/CQI) from the user equipment for the transmit 
ted CSI-RS (circle 4). Then, the eNodeB may transmit data to 
the user equipment by taking the CSI feedback into account. 
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0057 The example embodiments may be utilized to trans 
mit a plurality of CSI-RS resources, precoded in such a way 
that each CSI-RS may span a direction within a correlated 
domain, for example, a correlated vector space, of a multiple 
antenna system. By configuring a user equipment to measure 
and report CSI (e.g., PMI/RI/CQI) for, at least one, of the 
CSI-RS resources that is expected to be particularly aligned 
(i.e., have a similar direction within a correlated domain) with 
a Subsequent downlink transmission, the eNodeB may ensure 
that the CSI feedback report is accurate for the transmission 
(e.g., that the eNodeB can follow the recommended PMI/RI/ 
CQI with only modest changes, to for example the transport 
format). This will significantly improve the link adaptation. 
The link adaptation may comprise the selection of the trans 
port block size (e.g., code rate), modulation, precoding, and 
the transmission rank of the multiple antenna system. 
0058. A particularly useful example application of the 
embodiments presented herein is for the purpose of elevation 
beam forming, since the elevation direction typically forms a 
highly correlated domain of an active antenna configuration. 
Hence, multiple CSI-RS resources are transmitted, with each 
resource being associated and precoded with a corresponding 
elevation beam. The eNodeB canthus configure a user equip 
ment to measure and report CSI (e.g., PMI/RI/CQI) for at 
least one CSI-RS resource that is closely aligned with an 
expected elevation beam of a Subsequent downlink data trans 
mission. For example, the elevation direction where most 
transmitted power is received by a user equipment. Thereby, 
the reported CSI is directly applicable in use for the corre 
sponding data transmission that applies the elevation beam 
former. 

0059. In this section, the example embodiments will be 
illustrated in more detail by a number of examples. It should 
be noted that these examples are not mutually exclusive. 
Components from one example embodiment may be tacitly 
assumed to be present in another embodiment and a person 
skilled in the art may use any number of the example embodi 
ments in other example embodiments. 
0060. The example embodiments will be presented as fol 
lows. First, a description of how a set of CSI-RS signals may 
be configured to span different elevation directions is pro 
vided under the subheading “Generating CSI Feedback for 
Elevation Beamforming using Multiple CSI-RS. Thereafter, 
a description on how similar methods may be utilized to 
generate azimuth beam forming is provided under the Sub 
heading “Generating Azimuth Beamforming Feedback from 
Multiple CSI-RS’. A description on how provide joint azi 
muth and elevation beam forming is provided under the sub 
heading “Generating Joint Azimuth and Elevation Beam 
forming Feedback from Multiple CSI-RS'. Thereafter, 
generating CSI feedback with the use of CoMP is described 
under the subheading “Configuration of CSI Feedback using 
CoMP Measurement Set'. The utilization of uplink measure 
ments is discussed under the subheading “Selection of CSI 
RS for CSI reporting based on Uplink Measurements’. 
Example embodiments featuring user equipment assistance 
is provided under the subheading “User Equipment Assisted 
Selection of CSI-RS for CSI Reporting. Thereafter, an 
example of CSI-RS selection with the use of signal quality 
assessments is provided under the subheading "Selection of 
CSI-RS for CSI Reporting based on CSI-RSRP Reports”. 
Finally, example node configurations and example node 
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operations are provided under the Subheadings "Example 
Node Configuration' and “Example Node Operations', 
respectively. 

Generating CSI Feedback for Elevation Beamforming Using 
Multiple CSI-RS 

0061 According to some of the example embodiments, a 
set of CSI-RS signals are configured to span different eleva 
tion directions. By selecting a candidate elevation beam 
former for a data transmission, a corresponding user equip 
ment may be configured to measure and report CSI (e.g., 
PMI/RI/CQI) for a CSI-RS that is associated with an eleva 
tion beam that is most closely aligned with the candidate 
elevation beam former. 

0062 Consider the case with an NTx active antenna 
array where each antenna comprises Ns. Subelements. The 
beam forming vector for N, vectors may be represented by: 

bNgu 

Such that b, corresponds to a beam forming vector when 
applied to the subelements of the active antenna in the NTx 
active antenna array. This will hence correspond to beam 
forming in the elevation assuming that the Subelements are 
placed vertically, where each b, typically corresponds to a 
targeted elevation direction. The beam former matrixes may 
be represented by: 

b. O O 

O b 
Bw ANXNA (u)= .. u = 1, ... , N. 

O b 

These matrixes may be used to create the port to subelement 
mapping which may be represented as: 

where xx (u) is a CSI-RS signal for N ports. For the cre 
ated output vector xxx(u) it is assumed that the first Ns 
values correspond to the Subelements of one active antenna 
and that the second Ns values correspond to the Subelements 
of a second active antenna, etc. Hence, the equation above 
describes a mapping from the N ports CSI-RS to the NNs 
subelements. Due to the special structure in the beam former 
matrixes, each index u corresponds to transmission in a cer 
tain direction defined by the beam formers b, . . . . b. 
Typically, the different CSI-RS signals, X (u), would be 
configured as to be orthogonal; for example, separated to 
different time/frequency resources. However, it should be 
appreciated that the CSI-RS signals may be configured in any 
other orientation known in the art. 

0063 Thus, the eNodeB may be configured to transmit 
xxx(u) for u=1. . . . , N. According to some of the 
example embodiments, some of the user equipments may be 
configured to measure and report back CSI (e.g., PMI/RI/ 
CQI) for at least one CSI-RS resource that is precoded using 
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an elevation beam that is closely, or most closely, aligned with 
an expected elevation beam of a Subsequent downlink data 
transmission. 
0064. A residual difference between the directional beam 
former (e.g., elevation beam former) used for the data trans 
mission as compared to that used for the configured CSI-RS 
resource(s), can be compensated by the eNodeB by, for 
example, an ACK/NACK based outer loop link adaptation in 
the network. 
0065. It should be appreciated that the example embodi 
ments described above and herein may readily be extended to 
configurations with a different number of subelements in 
each antenna. Furthermore, it should be appreciated that the 
concept of a Subelement is non-limiting in the sense that it 
may refer to any virtualization (e.g., linear mapping) of the 
physical antenna Subelements. For example, pairs of physical 
Subelements may be fed by the same signal, and hence share 
the same virtualized Subelement antenna port. 
0.066. It should further be noted that the terms “beam form 
ing direction' and “beam former may be used interchange 
ably. Such terms should be considered non-limiting and a 
beam forming direction should be interpreted in the general 
sense of a complete beam former vector/matrix, which may 
have a direction span and a phase. It should be appreciated 
that according to some of the example embodiments, the 
structure herein corresponds to each active antenna in the 
array having the same elevation beam. It is however possible 
to use a different elevation beam on each active antenna. 
Generating Azimuth Beamforming Feedback from Multiple 
CSI-RS 
0067. In the example embodiments presented in the sub 
section above, it was presented how to use multiple CSI-RS in 
order to generate elevation beam forming feedback. The pre 
sented method is however not restricted to be applied in the 
elevation domain and it may readily be extended in other 
correlated domains; for example, in azimuth. Consider for 
example deployments with closely spaced cross-polarized 
linear arrays where the azimuth direction will be highly cor 
related within each polarization (but uncorrelated between 
polarizations). For such a deployment a plurality of CSI-RS 
may be transmitted Such that each is precoded in a certain 
azimuth. For example, to excite a particular azimuth direc 
tion, a two port CSI-RS could be used, where one port may be 
utilized per polarization. 
0068. By configuring a user equipment to measure CSI on 
at least one relevant CSI-RS (e.g., the CSI-RS corresponding 
to the azimuth direction of the user equipment), the eNodeB 
may receive the sufficient CSI information for downlink pre 
coding between the two polarizations, whereas the uplink 
control overhead and the measurement complexity at the user 
equipment is reduced, since the measurement and reporting is 
based on a small two port CSI-RS, contrary to state of the art 
which corresponds to measurement/reporting on a CSI-RS 
with the same number of ports as the total number of antennas 
in the array. 
Generating Joint Azimuth and Elevation Beamforming Feed 
back from Multiple CSI-RS 
0069. It should be appreciated that the example embodi 
ments presented herein may be utilized to jointly cover the 
azimuth and elevation domain. For example, a set of CSI-RS 
signals (with a reduced number of ports), each precoded to 
point in a certain elevation and azimuth direction. By config 
uring a user equipment to measure CSI on at least one relevant 
CSI-RS (e.g., the CSI-RS corresponding to the azimuth and 
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elevation direction of the user equipment), the eNodeB can 
receive the sufficient CSI information for downlink precoding 
with a minimum of uplink control overhead and user equip 
ment complexity. 

Configuration of CSI Feedback Using CoMP Feedback 
Framework 

(0070. As of 3GPP Release 11, LTE will have explicit 
support of CoMP operation. According to some of the 
example embodiments, in Support of CoMPa user equipment 
may be configured to measure and report CSI (e.g., PMI/RI/ 
CQI) based on multiple CSI-RS resources, corresponding to 
the CSI-RS resources in a CoMP Measurement Set. More 
specifically, the UE can be configured with a plurality of CSI 
Processes for channel state information feedback. Each such 
CSI process can be configured to represent the channel state 
of a particular CSI-RS resource of choice, and enables peri 
odic and aperiodic CSI feedback for said CSI-RS resource. 
0071. According to some of the example embodiments, a 
plurality of CSI processes is used to configure a user equip 
ment to measure and report CSI for a plurality of CSI-RS 
resources that each has been precoded in a certain direction. 
For example, a user equipment may be configured to feed 
back CSI for all configured CSI-RS (i.e., for all directions), 
and thus maximize the flexibility for an eNodeB in selecting 
a downlink precoder. Alternatively, the user equipment may 
be configured to measure and report only for a subset of the 
CSI-RS resources (e.g., corresponding to directions that are 
most relevant for subsequent downlink data transmission). 

Selection of CSI-RS for CSI Reporting Based on Uplink 
Measurements 

0072. Within correlated channel dimensions, there is a 
strong coupling between uplink and downlink channels (pro 
vided by electromagnetic reciprocity). For example, if signals 
originate from a certain direction in the uplink, the same 
direction is with high probability also suitable for downlink 
transmissions. 
0073. According to some of the example embodiments, 
the configuration of which precoded CSI-RS resource(s) a 
user equipment shall report CSI for is aided by uplink mea 
Surements. For example, a user equipment may be configured 
to report CSI based on measurements on the CSI-RS that is 
precoded in the direction that most closely aligns with the 
strongest uplink received direction (or more specifically, the 
eNodeB determines that the most likely direction of a subse 
quent data transmission will be well aligned with the uplink 
measurement, and thus configures the user equipment to 
report CSI for a corresponding CSI-RS resources). 

User Equipment Assisted Selection of CSI-RS for CSI 
Reporting 

0074 According to some of the example embodiments, 
the user equipment may assist the network in selecting which 
CSI-RS to use for CSI reporting. When a user equipment 
performs channel measurements based on a specific CSI-RS 
resource it will effectively measure the combined effect of the 
beam forming (applied to the CSI-RS resource) and the effects 
of the radio propagation channel. Hence, each CSI-RS 
resource is associated with an effective channel including 
both the beam forming effect and the radio propagation envi 
ronment. By letting the user equipment measure the effective 
channels associated with a plurality of CSI-RS resources, the 
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user equipment may assess the performance of a data trans 
mission over each Such effective channel. 
0075. The user equipment may thus recommend an effec 

tive channel to the network (to use for a Subsequent data 
transmission) based on, for example, selecting effective chan 
nel with the highest assessed performance. For example, an 
index identifying a recommended CSI-RS, among the plural 
ity of CSI-RS resources, may be signaled to the network. Note 
that there is a one-to-one correspondence between an effec 
tive channel and a CSI-RS resource. 
0076 Moreover, the user equipment may report CSI only 
for the recommended CSI-RS resource, thereby reducing 
overhead, while providing sufficient information to the net 
work to perform accurate link adaptation, beam forming (in 
e.g., elevation domain) and precoding (in e.g., azimuth 
domain). 

Selection of CSI-RS for CSI Reporting Based on CSI-RSRP 
Reports 

0077 According to some of the example embodiments, 
the mechanism of CSI-RSRP is used to aid the eNodeB in 
configuring a user equipment to report CSI for the appropriate 
CSI-RS resource(s). That is, CSI-RSRP measurement reports 
are used by the eNodeB to determine likely directions for 
Subsequent downlink data transmissions, and thus which 
CSI-RS resource to configure a user equipment to perform 
CSI measurements/reporting on. 
0078. According to some of the example embodiments, a 
user equipment is configured to measure and report CSI 
RSRP for at least a Subset of the transmitted CSI-RS that are 
precoded in e.g., elevation domain. By evaluating the 
reported signal quality levels, the eNodeB may determine a 
corresponding likely direction for Subsequent data transmis 
sions (e.g., elevation beam former); for example, one potential 
way to choose the elevation beam former vector for the sub 
sequent data transmission would be to use the elevation beam 
corresponding to the best reported signal quality assessment; 
for example, use the elevation beam former b. , where 

X. 

0079 According to some of the example embodiments, a 
different set of CSI-RS resources (here denoted RSRPCSI 
RS resources) may be transmitted for the purpose of RSRP 
feedback. This set of RSRP CSI-RS resources could, how 
ever, be partially overlapping with the traditional CSI-RS 
resources (e.g., the CSI-RS resources discussed for the pre 
ceding embodiments that are used for CSI feedback). By 
applying a directional beam former on each of the RSRP 
CSI-RS resources and configuring a user equipment to report 
corresponding CSI-RSRP values, the eNodeB may derive 
information about which direction is suitable for downlink 
data transmission, for example, by applying the above men 
tioned technique (e.g., choosing the directional beam former 
used for the CSI-RS with the highest reported signal quality). 
The eNodeB may next configure the user equipment to report 
CSI using the traditional CSI-RS that, for example, is asso 
ciated with the direction that is most aligned with the deter 
mined direction for Subsequent data transmissions. For 
example, by configuring a larger set of RSRPCSI-RS (each 
typically using a small set of ports and thus having lower 
overhead) a larger set of directions can be excited thereby 
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achieving a higher resolution for the determined direction for 
data transmissions, thereby increasing the received signal 
power and reducing interference to other user equipments. 

Example Node Configurations 
0080 FIG. 7 illustrates an example of an eNodeB 401 
which may incorporate some of the example embodiments 
discussed above. As shown in FIG. 7, the eNodeB 401 may 
comprise a radio circuitry 410 configured to receive and 
transmit any form of communications or control signals 
within a network. It should be appreciated that the radio 
circuitry 410 may be comprised as any number of transceiv 
ing, receiving, and/or transmitting units or circuitry. It should 
further be appreciated that the radio circuitry 410 may be in 
the form of any input/output communications port known in 
the art. The radio circuitry 410 may comprise RF circuitry and 
baseband processing circuitry (not shown). 
I0081. The eNodeB 401 may further comprise at least one 
memory unit or circuitry 430 that may be in communication 
with the radio circuitry 410. The memory 430 may be con 
figured to store received or transmitted data and/or executable 
program instructions. The memory 430 may also be config 
ured to store any form of beam forming information, reference 
signals, and/or feedback data or information. The memory 
430 may be any suitable type of computer readable memory 
and may be of volatile and/or non-volatile type. 
I0082. The eNodeB401 may further comprise further com 
prises a network interface 440 and processing circuitry 420 
which may be configured to generate and analyze reference 
signals, and generate beam formed communications. The pro 
cessing circuitry 420 may also be configured to provide con 
figuration instructions to the user equipment. The processing 
circuitry 420 may be any suitable type of computation unit, 
e.g. a microprocessor, digital signal processor (DSP), field 
programmable gate array (FPGA), or application specific 
integrated circuit (ASIC) or any other form of circuitry. It 
should be appreciated that the processing circuitry need not 
be provided as a single unit but may be provided as any 
number of units or circuitry. 
I0083 FIG. 8 illustrates an example of a user equipment 
which may incorporate some of the example embodiments 
discussed above. As shown in FIG. 8, the user equipment 505 
may comprise a radio circuitry 510 configured to receive and 
transmit any form of communications or control signals 
within a network. It should be appreciated that the radio 
circuitry 510 may be comprised as any number of transceiv 
ing, receiving, and/or transmitting units or circuitry. It should 
further be appreciated that the radio circuitry 510 may be in 
the form of any input/output communications port known in 
the art. The radio circuitry 510 may comprise RF circuitry and 
baseband processing circuitry (not shown). 
I0084. The user equipment 505 may further comprise at 
least one memory unit or circuitry 530 that may be in com 
munication with the radio circuitry 510. The memory 530 
may be configured to store received or transmitted data and/or 
executable program instructions. The memory 530 may also 
be configured to store any form of beam forming information, 
reference signals, and/or feedback data or information. The 
memory 530 may be any suitable type of computer readable 
memory and may be of Volatile and/or non-volatile type. 
I0085. The user equipment 505 may further comprise fur 
ther processing circuitry 520 which may be configured to 
perform measurements are set configurations provided by the 
eNodeB. The processing circuitry 520 may be any suitable 
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type of computation unit, e.g. a microprocessor, digital signal 
processor (DSP), field programmable gate array (FPGA), or 
application specific integrated circuit (ASIC) or any other 
form of circuitry. It should be appreciated that the processing 
circuitry need not be provided as a single unit but may be 
provided as any number of units or circuitry. 

Example Node Operations 

I0086 FIGS. 9 through 11 are flow diagrams depicting 
example operations which may be taken by the eNodeB of 
FIG. 8, during the generation of downlink communications in 
a multiple antenna system, according to some of the example 
embodiments. 
I0087. It should be appreciated that FIGS. 9-11 comprises 
some operations which are illustrated with a darker border 
and some operations which are illustrated with a lighter bor 
der. The operations which are comprised in a darker border 
are operations which are comprised in the broadest example 
embodiment. The operations which are comprised in a lighter 
border are example embodiments which may be comprised 
in, or a part of, or are further operations which may be taken 
in addition to the operations of the border example embodi 
ments. It should be appreciated that these operations need not 
be performed in order. Furthermore, it should be appreciated 
that not all of the operations need to be performed. The 
example operations may be performed in any order and in any 
combination. 
0088. It should be appreciated that the example operations 
of FIG. 9 through 11 may be performed simultaneously for 
any number of user equipments in the wireless communica 
tions network. Furthermore, in the example operations 
described in FIGS. 9 through 11, references are made to 
signal quality assessments and/or signal quality indicators. 
Non-limiting examples of Such signal quality assessments 
and/or signal quality indicators may be RSRP, RSRO and/or 
RSSI. 

I0089 FIG. 9 illustrates example eNodeB operations 
which are described under at least the subheadings “Gener 
ating CSI Feedback for Elevation Beamforming using Mul 
tiple CSI-RS”, “Generating Azimuth Beamforming Feed 
back from Multiple CSI-RS”, “Generating Joint Azimuth and 
Elevation Beamforming Feedback from Multiple CSI-RS'. 
“Selection of CSI-RS for CSI Reporting based on Uplink 
Measurements” and “Selection of CSI-RS for CSI Reporting 
based on CSI-RSRP Reports”. 
0090. In general, FIG.9 describes a non-limiting example 
embodiment in which an eNodeB may first determine an 
approximate (or candidate) beam forming direction and 
request or configure the user equipment to provide measure 
ments or a CSI report based on the approximation. A beam 
forming direction for downlink communications may be pro 
vided based on a primary reference signal determined via the 
CSI report. By first determining the candidate beam forming 
direction, the amount of user equipment reporting/signaling 
may be reduced. 
0091 Operation 10 
0092. The eNodeB is configured to transmit 10, to a plu 

rality of user equipments, a plurality of reference signals. 
Each reference signal is beam formed into a distinct direction 
within at least one correlated domain of the multiple antenna 
system. The radio circuitry 410 is configured to transmit, to 
the plurality of user equipments, the plurality of reference 
signals. 
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0093. According to some of the example embodiments, 
the at least one correlated domain may be an elevation and/or 
an azimuth domain. According to some of the example 
embodiments, the plurality of reference signals may be CSI 
RS. 

Example Operation 26 
0094. According to some of the example embodiments, 
the eNodeB may determine 26 at least one candidate beam 
forming direction, within the at least one correlated domain of 
the multiple antenna system, for a Subsequent data transmis 
Sion. The processing circuitry 420 may be configured to deter 
mine the at least one candidate beam forming direction, within 
the at least one correlated domain of the multiple antenna 
system, for a Subsequent data transmission. 
0.095 According to some of the example embodiments, 
the determining 26 may be provided by transmitting a second 
set of beam formed reference signals, which may be a Subset 
of or equal to, the reference signals described in operation 10. 
The second set of reference signals may be sent prior, after or 
at the same time as the reference signals referred to in opera 
tion 10. According to some of the embodiments, the eNodeB 
may configure the specific user equipment to report signal 
quality assessments for the second set of reference signals. 
According to Some of the example embodiments, the reported 
signal quality assessments of the second set of beam formed 
reference signals may be utilized to assist in the determina 
tion of the candidate beam forming direction. 
0096. According to some of the example embodiments, 
the determining 26 may be provided by transmitting a second 
set of reference signals beam formed into a distinct direction 
within at least one correlated domain of the multiple antenna 
system, which may be a Subset of or equal to, the reference 
signals described in operation 10. The second set of beam 
formed reference signals may be sent prior, after or at the 
same time as the reference signals referred to in operation 10. 
According to some of the embodiments, the eNodeB may 
configure the specific user equipment, or there may be a 
predetermined contract, to report signal quality assessments 
for the second set of beam formed reference signals. There 
fore, the determination of the at least one candidate beam 
forming direction may be based, at least in part, on a plurality 
of signal quality assessments received from the specific user 
equipment. The determined at least one candidate beam form 
ing direction may correspond with a higher signal quality 
assessments which is favored over directions associated with 
lower signal quality assessments. The signal quality assess 
ments may be a RSRP, RSRO and/or a RSSI. 
0097. According to some of the example embodiments, 
the determination of the at least one candidate beam forming 
direction may be based, at least in part, on uplink measure 
ments on signals transmitted by the user equipment. Accord 
ing to some of the example embodiments, the eNodeB may be 
configured to estimate the power in a particular direction by 
applying a beam former on the received signal. Thus, the 
eNodeB may perform measurements of the various signals to 
determine signal energy or power levels received from signals 
in various directions. According to some of the example 
embodiments the at least one candidate beam forming direc 
tion may be associated with a higher received power that is 
favored or preferred over a direction associated with a lower 
received power. 
0098. According to some of the example embodiments, 
upon determining the candidate beam forming direction, the 
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eNodeB may configure the user equipment to report CSI with 
respect to the reference signals (of operation 10) which are 
beam formed in a similar manner as the candidate beam form 
ing direction. 
0099 Operation 30 
0100. The eNodeB is further configured to receive 30, 
from the specific user equipment, at least one CSI report for 
the plurality of transmitted reference signals. The radio cir 
cuitry 410 is configured to receive, from the specific user 
equipment, the at least one CSI report for the plurality of 
transmitted reference signals. According to some of the 
example embodiments, the CSI report may comprise a PMI, 
RI and/or at least one CQI. 

Example Operation 34 
0101. According to the example embodiments illustrated 
in FIG.9, the eNodeB is configured to receive 34 a CSI report 
from the specific user equipment for a single reference signal. 
The radio circuitry 410 is configured to receive the CSI report. 
According to Some of the example embodiments, the single 
reference signal may be associated with a signal with a beam 
forming direction that aligns most closely with the at least one 
candidate beam forming direction, as compared to any other 
beam forming direction of any other reference signals of the 
plurality of reference signals (transmitted in operation 10). 
0102) Operation 38 
(0103) The eNodeB is further configured to determine38 at 
least one primary reference signal among the first set of 
reference signals. The processing circuitry 420 is configured 
to determine the at least one primary reference signal among 
the first set of reference signals. In the example provided by 
FIG. 9, the determined primary reference signal is the single 
reference signal described in example operation 34. 
0104 Operation 50 
0105. The eNodeB is further configured to generate 50 
downlink communications signals for antenna element(s) 
and/or subelements of the multiple antenna system. The 
downlink communication signals are beam formed into a 
transmitting direction that aligns most closely with a beam 
forming direction of the at least one primary reference signal, 
as compared to any other beam forming direction of the ref 
erence signals comprised in the first set of reference signals. 
The processing circuitry 420 is configured to generate the 
downlink communication signals for antenna element(s) and/ 
or Subelements of the multiple antenna system. 
0106 FIG. 10 illustrates example eNodeB operations 
which are described under at least the subheadings “Gener 
ating CSI Feedback for Elevation Beamforming using Mul 
tiple CSI-RS”, “Generating Azimuth Beamforming Feed 
back from Multiple CSI-RS”, “Generating Joint Azimuth and 
Elevation Beamforming Feedback from Multiple CSI-RS' 
and “Configuration of CSI Feedback using CoMP Measure 
ment Set. 
0107. In general, FIG. 10 describes a non-limiting 
example embodiment in which an eNodeB may configure the 
user equipment to send measurements or CSI reports on a 
plurality of reference signals via a CoMP measurement set. It 
should be appreciated that in this example embodiment, mul 
tiple candidate beam forming directions may be determined 
and each determined candidate beam forming direction may 
be comprised in the CoMP measurement set. Alternatively, a 
candidate beam forming direction need not be determined and 
a beam forming direction for downlink data may be deter 
mined via the plurality of CSI reports provided by the user 
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equipment. By providing a large set of reported data, the 
beam forming direction may be accurately determined. 
(0.108 Operation 10 
0109 The eNodeB is configured to transmit 10, to a plu 
rality of user equipments, a plurality of reference signals. 
Each reference signal is beam formed into a distinct direction 
within at least one correlated domain of the multiple antenna 
system. The radio circuitry 410 is configured to transmit, to 
the plurality of user equipments, the plurality of reference 
signals. 
0110. According to some of the example embodiments, 
the at least one correlated domain may be an elevation and/or 
an azimuth domain. According to some of the example 
embodiments, the plurality of reference signals may be CSI 
RS. 

Example Operation 26 

0111. According to some of the example embodiments, 
the eNodeB may determine 26 at least one candidate beam 
forming direction, within the at least one correlated domain of 
the multiple antenna system, for a Subsequent data transmis 
Sion. The processing circuitry 420 may be configured to deter 
mine the at least one candidate beam forming direction, within 
the at least one correlated domain of the multiple antenna 
system, for a Subsequent data transmission. In the example 
provided by FIG. 10, the at least one candidate beam forming 
direction is a plurality (e.g., more than one) candidate beam 
forming direction. 
0112 According to some of the example embodiments, 
the determining 26 may be provided by transmitting a second 
set of reference signals beam formed into a distinct direction 
within at least one correlated domain of the multiple antenna 
system, which may be a Subset of or equal to, the reference 
signals described in operation 10. The second set of beam 
formed reference signals may be sent prior, after or at the 
same time as the reference signals referred to in operation 10. 
According to some of the embodiments, the eNodeB may 
configure the specific user equipment, or there may be a 
predetermined contract, to report signal quality assessments 
for the second set of beam formed reference signals. There 
fore, the determination of the candidate beam forming direc 
tions may be based, at least in part, on a plurality of signal 
quality assessments received from the specific user equip 
ment. The determined candidate beam forming directions 
may correspond with a higher signal quality assessments 
which are favored over directions associated with lower sig 
nal quality assessments. The signal quality assessments may 
be a RSRP, RSRO and/or a RSSI. 
0113. According to some of the example embodiments, 
the determination of the candidate beam forming directions 
may be based, at least in part, on uplink measurements 
received from signals transmitted by the user equipment. 
According to some of the example embodiments, the eNodeB 
may be configured to estimate the power in a particular direc 
tion by applying a beam former on the received signal. Thus, 
the eNodeB may perform measurements of the various sig 
nals to determine signal energy or power levels of the received 
from signals in various directions. According to some of the 
example embodiments the candidate beam forming directions 
may be associated with higher received powers that are 
favored or preferred over directions associated with lower 
received powers. 
0114. According to some of the example embodiments, 
upon determining the candidate beam forming directions, the 
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eNodeB may configure the user equipment to report CSI with 
respect to the reference signals (of operation 10) which are 
beam formed in a similar manner as the candidate beam form 
ing directions, such configuration is explained in example 
operation 29. 

Example Operation 29 

0115 According to some of the example embodiments, 
the eNodeB may configure 29 a plurality of CSI processes 
and/or a CoMP Measurement Set for a specific user equip 
ment. The CSI processes and/or the CoMP Measurement Set 
may comprise at least the plurality of reference signals asso 
ciated with a plurality of CSI reports. The processing circuitry 
420 may configure the CoMP Measurement Set for the spe 
cific user equipment. According to Some of the example 
embodiments, the CSI processes and/or the CoMP Measure 
ment set may comprise reference signals associated with the 
determined candidate beam forming directions, as explained 
in example operation 26. 
0116 Operation 30 
0117. The eNodeB is further configured to receive 30, 
from the specific user equipment, at least one CSI report for a 
first set of reference signals of the plurality of transmitted 
reference signals. The radio circuitry 410 is configured to 
receive, from the specific user equipment, the at least one CSI 
report for the first set of reference signals of the plurality of 
transmitted reference signals. According to some of the 
example embodiments, the CSI report may comprise a PMI, 
RI and/or at least one CQI. 

Example Operation 33 

0118. According to the example embodiments illustrated 
in FIG. 10, the receiving 30 may comprise receiving 33 a 
plurality of CSI reports. The radio circuitry 410 may be con 
figured to receive the plurality of CSI reports. The plurality of 
CSI reports may correspond to reference signals associated 
with the CSI processes and/or CoMP Measurement Set as 
described in example operation 29. 
0119 Operation 38 
0120) The eNodeB is further configured to determine38 at 
least one primary reference signal among the plurality of 
reference signals. The processing circuitry 420 is configured 
to determine the at least one primary reference signal among 
the plurality reference signals. 
0121 According to some of the example embodiments, 
the determining 38 may be based, at least in part, on the 
plurality of CSI reports. According to some of the example 
embodiments, the determining 38 may be further based on 
CQI of the CSI reports. According to some of the example 
embodiments, the at least one primary reference signal is a 
reference signal associated with a CSI report with a highest 
signal quality indicator or a corresponding highest recom 
mended total transmission rate. 
0122 Operation 50 
(0123. The eNodeB is further configured to generate 50 
downlink communications signals for antenna element(s) 
and/or subelements of the multiple antenna system. The 
downlink communication signals are beam formed into a 
transmitting direction that aligns most closely with a beam 
forming direction of the at least one primary reference signal, 
as compared to any other beam forming direction of the ref 
erence signals comprised in the first set of reference signals. 
The processing circuitry 420 is configured to generate the 
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downlink communication signals for antenna element(s) and/ 
or Subelements of the multiple antenna system. 
0.124 FIG. 11 illustrates example eNodeB operations 
which are described under at least the subheadings “Gener 
ating CSI Feedback for Elevation Beamforming using Mul 
tiple CSI-RS”, “Generating Azimuth Beamforming Feed 
back from Multiple CSI-RS”, “Generating Joint Azimuth and 
Elevation Beamforming Feedback from Multiple CSI-RS’. 
“User Equipment Assisted Selection of CSI-RS for CSI 
Reporting” and “Selection of CSI-RS for CSI Reporting 
based on CSI-RSRP Reports”. 
0.125. In general, FIG. 11 describes a non-limiting 
example embodiment in which an eNodeB may configure the 
user equipment to send measurements or a CSI report where 
the user equipment recommends an effective channel. 
0126 
I0127. The eNodeB is configured to transmit 10, to a plu 
rality of user equipments, a plurality of reference signals. 
Each reference signal is beam formed into a distinct direction 
within at least one correlated domain of the multiple antenna 
system. The radio circuitry 410 is configured to transmit, to 
the plurality of user equipments, the plurality of reference 
signals. 
I0128. According to some of the example embodiments, 
the at least one correlated domain may be an elevation and/or 
an azimuth domain. According to some of the example 
embodiments, the plurality of reference signals may be CSI 
RS. 

Operation 10 

Example Operation 11 

I0129. According to some of the example embodiments, 
the eNodeB may configure 11 a specific user equipment to 
measure the plurality of reference signals and report an index 
identifying a recommended effective channel among the plu 
rality of effective channels excited by the plurality of refer 
ence signals. The processing circuitry 420 may configure the 
specific user equipment to measure the plurality of reference 
signals and report the index identifying the recommended 
effective channel among the plurality of effective channels 
excited by the plurality of reference signals. 
O130 
I0131 The eNodeB is further configured to receive 30, 
from the specific user equipment, at least one CSI report for a 
first set of reference signals of the plurality of transmitted 
reference signals. The radio circuitry 410 is configured to 
receive, from the specific user equipment, the at least one CSI 
report for the first set of reference signals of the plurality of 
transmitted reference signals. According to some of the 
example embodiments, the CSI report may comprise a PMI, 
RI and/or at least one CQI. 

Operation 30 

Example Operation 35 

0.132. According to some of the example embodiments, 
the receiving 30 may further comprise receiving the index 
from the specific user equipment. The radio circuitry 410 may 
be configured to receive the index from the specific user 
equipment. According to Some of the example embodiments, 
the index and the at least one CSI report may be received in a 
same report from the specific user equipment. The at least one 
CSI report may represent the identified recommended effec 
tive channel. 
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0133) Operation 38 
0134) The eNodeB is further configured to determine38 at 
least one primary reference signal among the plurality of 
reference signals. The processing circuitry 420 is configured 
to determine the at least one primary reference signal among 
the plurality of reference signals. 

Example Operation 41 
0135 According to some of the example embodiments, 
the determining 38 may further comprise determining 41 the 
at least one primary reference signal based on the received 
index. The processing circuitry 420 may be configured to 
determine the at least one primary reference signal based on 
the received index. 
0136. Operation 50 
0137 The eNodeB is further configured to generate 50 
downlink communications signals for antenna element(s) 
and/or subelements of the multiple antenna system. The 
downlink communication signals are beam formed into a 
transmitting direction that aligns most closely with a beam 
forming direction of the at least one primary reference signal, 
as compared to any other beam forming direction of the ref 
erence signals comprised in the first set of reference signals. 
The processing circuitry 420 is configured to generate the 
downlink communication signals for antenna element(s) and/ 
or Subelements of the multiple antenna system. 
0138 FIG. 12 illustrates example user equipment opera 
tions of the user equipment illustrated in FIG.8 for the estab 
lishing of beam forming in a multiple antenna system. The 
example operations of FIG. 12 are described under at least the 
subheadings “Generating CSI Feedback for Elevation Beam 
forming using Multiple CSI-RS”, “Generating Azimuth 
Beamforming Feedback from Multiple CSI-RS”, “Generat 
ing Joint Azimuth and Elevation Beamforming Feedback 
from Multiple CSI-RS”, “User Equipment Assisted Selection 
of CSI-RS for CSI Reporting and “Selection of CSI-RS for 
CSI Reporting based on CSI-RSRP Reports”. 
0.139. It should be appreciated that FIG. 12 comprises 
some operations which are illustrated with a darker border 
and some operations which are illustrated with a lighter bor 
der. The operations which are comprised in a darker border 
are operations which are comprised in the broadest example 
embodiment. The operations which are comprised in a lighter 
border are example embodiments which may be comprised 
in, or a part of, or are further operations which may be taken 
in addition to the operations of the border example embodi 
ments. It should be appreciated that these operations need not 
be performed in order. Furthermore, it should be appreciated 
that not all of the operations need to be performed. The 
example operations may be performed in any order and in any 
combination. 
0140. Operation 60 
0141. The user equipment is configured to receive 60, 
from an eNodeB, a plurality of reference signals. Each refer 
ence signal is beam formed into a distinct direction within at 
least one correlated domain of the multiple antenna system. 
The radio circuitry 510 is configured to receive, from the 
eNodeB, the plurality of reference signals. According to some 
of the example embodiments, the plurality of reference sig 
nals is CSI-RS. 
0142 Operation 62 
0143. The user equipment is further configured to measure 
62 a corresponding effective channel for, at least a Subset, of 
the plurality of reference signals. The processing circuitry 
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520 is configured to measure a corresponding effective chan 
nel for, at least a subset of the plurality of reference signals. 
0144 Operation 64 
0145 The user equipment is further configured to deter 
mine 64 a recommended effective channel, among the effec 
tive channels, based on a performance metric relating to a 
performance of a data transmission over a given effective 
channel. The processing circuitry 520 is configured to deter 
mine the recommended effective channel, among the effec 
tive channels, based on the performance metric relating to the 
performance of the data transmission over the given effective 
channel. 
0146 According to some of the example embodiments, 
the performance metric may be an effective received signal 
power. According to Some of the example embodiments, the 
performance metric is an effective data throughput. 
0147 Operation 66 
0.148. The user equipment is further configured to transmit 
66, to a wireless communications network, an index identi 
fying the recommended effective channel. The radio circuitry 
510 is configured to transmit, to the wireless communications 
network, the index identifying the recommended communi 
cations network. 

Example Operation 68 

0149 According to some of the example embodiments, 
user equipment may further transmit 68 a CSI report for the 
recommended effective channel. The radio circuitry 510 may 
be configured to transmit the CSI report for the recommended 
effective channel. According to some of the example embodi 
ments, the CSI report comprises PMI, RI and/or at least one 
CQI. 
0150. It should be appreciated that further example user 
equipment operations may comprise receiving configuration 
instructions from the eNodeB. Such configuration instruc 
tions may provide information on how to measure and report 
data comprised in the CSI report, as described herein. 

CONCLUSION 

0151. It should be noted that although terminology from 
3GPP LTE has been used herein to explain the example 
embodiments, this should not be seen as limiting the scope of 
the example embodiments to only the aforementioned sys 
tem. Other wireless systems, including WCDMA, WiMax, 
UMB and GSM, may also benefit from the example embodi 
ments disclosed herein. 
0152 Also note that terminology such as eNodeBand user 
equipment should be considered as non-limiting and does in 
particular not imply a certain hierarchical relation between 
the two. In general “eNodeB' could be considered as device 
1 and “user equipment as device 2, and these two devices 
communicate with each other over some radio channel. Fur 
thermore, while the example embodiments focus on wireless 
transmissions in the downlink, it should be appreciated that 
the example embodiments are equally applicable in the 
uplink. 
0153. The description of the example embodiments pro 
vided herein have been presented for purposes of illustration. 
The description is not intended to be exhaustive or to limit 
example embodiments to the precise form disclosed, and 
modifications and variations are possible in light of the above 
teachings or may be acquired from practice of various alter 
natives to the provided embodiments. The examples dis 
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cussed herein were chosen and described in order to explain 
the principles and the nature of various example embodi 
ments and its practical application to enable one skilled in the 
art to utilize the example embodiments in various manners 
and with various modifications as are Suited to the particular 
use contemplated. The features of the embodiments described 
herein may be combined in all possible combinations of 
methods, apparatus, modules, systems, and computer pro 
gram products. It should be appreciated that the example 
embodiments presented herein may be practiced in any com 
bination with each other. 
0154 It should be noted that the word “comprising does 
not necessarily exclude the presence of other elements or 
steps than those listed and the words “a” or “an preceding an 
element do not exclude the presence of a plurality of such 
elements. It should further be noted that any reference signs 
do not limit the scope of the claims, that the example embodi 
ments may be implemented at least in part by means of both 
hardware and software, and that several “means”, “units” or 
“devices' may be represented by the same item of hardware. 
0155. A “device” as the term may be used herein, is to be 
broadly interpreted to include a radiotelephone having ability 
for Internet/intranet access, web browser, organizer, calendar, 
a camera (e.g., video and/or still image camera), a Sound 
recorder (e.g., a microphone), and/or global positioning sys 
tem (GPS) receiver, a personal communications system 
(PCS) user equipment that may combine a cellular radiotele 
phone with data processing; a personal digital assistant 
(PDA) that can include a radiotelephone or wireless commu 
nication system; a laptop; a camera (e.g., video and/or still 
image camera) having communication ability; and any other 
computation or communication device capable of transceiv 
ing, such as a personal computer, a home entertainment sys 
tem, a television, etc. Furthermore, a device may be inter 
preted as any number of antennas or antenna elements. 
0156 Although the description is mainly given for a user 
equipment, as measuring or recording unit, it should be 
understood by the skilled in the art that “user equipment' is a 
non-limiting term which means any wireless device, terminal, 
or node capable of receiving in DL and transmitting in UL 
(e.g. PDA, laptop, mobile, sensor, fixed relay, mobile relay or 
even a radio base station, e.g. femto base station). 
O157. A cell is associated with a radio node, where a radio 
node or radio network node or eNodeB used interchangeably 
in the example embodiment description, comprises in a gen 
eral sense any node transmitting radio signals used for mea 
Surements, e.g., eNodeB, macro?micro/pico base station, 
home eNodeB, relay, beacon device, or repeater. A radio node 
herein may comprise a radio node operating in one or more 
frequencies or frequency bands. It may be a radio node 
capable of CA. It may also be a single- or muti-RAT node. A 
multi-RAT node may comprise a node with co-located RATs 
or supporting multi-standard radio (MSR) or a mixed radio 
node. 

0158. The various example embodiments described herein 
are described in the general context of method steps or pro 
cesses, which may be implemented in one aspect by a com 
puter program product, embodied in a computer-readable 
medium, including computer-executable instructions, such as 
program code, executed by computers in networked environ 
ments. A computer-readable medium may include removable 
and non-removable storage devices including, but not limited 
to, Read Only Memory (ROM), Random Access Memory 
(RAM), compact discs (CDs), digital versatile discs (DVD). 
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etc. Generally, program modules may include routines, pro 
grams, objects, components, data structures, etc. that perform 
particular tasks or implement particular abstract data types. 
Computer-executable instructions, associated data structures, 
and program modules represent examples of program code 
for executing steps of the methods disclosed herein. The 
particular sequence of Such executable instructions or asso 
ciated data structures represents examples of corresponding 
acts for implementing the functions described in Such steps or 
processes. 
0159. In the drawings and specification, there have been 
disclosed exemplary embodiments. However, many varia 
tions and modifications can be made to these embodiments. 
Accordingly, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation, the scope of the embodiments being 
defined by the following claims. 

1. A method, in an eNodeB, for generating downlink com 
munications in a multiple antenna system, the eNodeB being 
comprised in a wireless communications network, the 
method comprising: 

transmitting, to a plurality of user equipments, a plurality 
of reference signals, each reference signal being beam 
formed into a distinct direction within at least one cor 
related domain of the multiple antenna system; 

receiving, from a specific user equipment, at least one 
Channel State Information, CSI, report for at least a 
Subset of said plurality of reference signals; 

determining at least one primary reference signal among 
said plurality of reference signals based on the received 
at least one CSI report; and 

generating downlink communication signals for antenna 
element(s) and/or sub-elements of the multiple antenna 
system, wherein the downlink communication signals 
are beam formed into a transmitting direction that aligns 
most closely with a beam forming direction of the at least 
one primary reference signal, as compared to any other 
beam forming direction of reference signals comprised 
in the first set of reference signals. 

2. The method of claim 1, wherein the at least one corre 
lated domain is an elevation and/or azimuth domain. 

3. The method of claim 1, wherein the plurality of reference 
signals are Channel State Information Reference Symbols, 
CSI-RS. 

4. The method of claim 1, wherein the CSI report com 
prises a Precoder Matrix Indicator, PMI, a Rank Indicator, RI, 
and/or at least one signal quality indicator, COI. 

5. The method of claim 1, the method further comprises 
determining at least one candidate beam forming direction for 
the specific user equipment, within said at least one correlated 
domain of the multiple antenna system, for a Subsequent data 
transmission. 

6. The method of claim 5, wherein the determining is 
based, at least in part, on uplink measurements on received 
signals transmitted by the specific user equipment. 

7. The method of claim 5, wherein the determining is 
based, at least in part, on a plurality of signal quality assess 
ments, received from the specific user equipment, of beam 
formed signals received by the specific user equipment. 

8. The method of claim 7, wherein the signal quality assess 
ment is a reference signal received power, RSRP, a reference 
signal received quality, RSRO, and/or a received signal 
strength indicator, RSSI. 
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9. The method of claim 5, wherein the receiving further 
comprises receiving a CSI report for a single reference signal, 
of said plurality of reference signals, with a beam forming 
direction that aligns most closely with the at least one candi 
date beam forming direction, as compared to any other beam 
forming direction of any other reference signal of said plu 
rality of reference signals. 

10. The method of claim 1, wherein the receiving further 
comprises receiving a plurality of CSI reports for respective 
reference signals of the plurality of reference signals. 

11. The method of claim 10, further comprising configur 
ing a plurality of CSI Processes and/or a CoMP Measurement 
Set for said specific user equipment, the CSI Processes and/or 
the set comprising, at least, the plurality of reference signals 
associated with said plurality of CSI reports. 

12. The method of claim 11, wherein the determining fur 
ther comprises selecting said at least one primary reference 
signal from said plurality of reference signals associated with 
said plurality of CSI reports. 

13. The method of claim 5, wherein the at least one primary 
reference signal is selected Such that a beam forming direction 
of said at least one primary reference signal, aligns most 
closely with the at least one candidate beam forming direc 
tion, as compared to any other beam forming direction of any 
other reference signal of said plurality of reference signals. 

14. The method of claim 9, wherein the determining is 
further based on signal quality indicators, COI, of the at least 
one CSI report. 

15. The method of claim 9, wherein the at least one CSI 
report is a plurality of CSI reports and the at least one primary 
reference signal is a reference signal associated with a CSI 
report with a highest signal quality indicator or a correspond 
ing highest recommended total transmission rate. 

16. The method of claim 1, further comprising: 
configuring said specific user equipment to measure said 

plurality of reference signals, and report an index iden 
tifying a recommended effective channel among a plu 
rality of effective channels excited by said plurality of 
reference signals; and 

receiving said index from said specific user equipment. 
17. The method of claim 16, wherein the determining fur 

ther comprises determining the at least one primary reference 
signal based on said received index. 

18. The method of claim 17, wherein said index and said at 
least one CSI report are received in a same report from the 
specific user equipment, and the at least one CSI report rep 
resents said identified recommended effective channel. 

19. An eNodeB, for generating downlink communications 
in a multiple antenna system, the eNodeB being comprised in 
a wireless communications network, the eNodeB compris 
1ng: 

radio circuitry configured to transmit, to a plurality of user 
equipments, a plurality of reference signals, each refer 
ence signal being beam formed into a distinct direction 
within at least one correlated domain of the multiple 
antenna system; 

the radio circuitry further configured to receive, from a 
specific user equipment, at least one Channel State 
Information, CSI, report for a first set of reference sig 
nals of said plurality of transmitted reference signals; 

processing circuitry configured to determine at least one 
primary reference signal among said first set of refer 
ence signals; and 
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the processing circuitry further configured to generate 
downlink communication signals for antenna element(s) 
and/or Sub-elements of the multiple antenna system, 
wherein the downlink communication signals are beam 
formed into a beam forming direction of the at least one 
primary reference signal, as compared to any other 
beam forming direction of reference signals comprised 
in the first set of reference signals. 

20. The eNodeB of claim 19, wherein the at least one 
correlated domain is an elevation and/or azimuth domain. 

21. The eNodeB of claim 19, wherein the plurality of 
reference signals are Channel State Information Reference 
Symbols, CSI-RS. 

22. The eNodeB of claim 19, wherein the CSI reportcom 
prises a Precoder Matrix Indicator, PMI, a Rank Indicator, RI, 
and/or at least one signal quality indicator, COI. 

23. The eNodeB of claim 19, the processing circuitry is 
further configured to determine at least one candidate beam 
forming direction for the specific user equipment, within said 
at least one correlated domain of the multiple antenna system, 
for a Subsequent data transmission. 

24. The eNodeB of claim 23, wherein the processing cir 
cuitry is further configured to determine the at least one 
candidate beam forming direction based, at least in part, on 
uplink measurements on received signals transmitted by the 
specific user equipment. 

25. The eNodeB of claim 23, wherein the processing cir 
cuitry is further configured to determine the at least one 
candidate beam forming direction based, at least in part, on a 
plurality of signal quality assessments, received from the 
specific user equipment, of beam formed signals received by 
the specific user equipment. 

26. The eNodeB of claim 25, wherein the signal quality 
assessment is a reference signal received power, RSRP, a 
reference signal received quality, RSRO, and/or a received 
signal strength indicator, RSSI. 

27. The eNodeB of claim 23, wherein the radio circuitry is 
further configured to receive a CSI report for a single refer 
ence signal, of said plurality of reference signals, with a 
beam forming direction that aligns most closely with the at 
least one candidate beam forming direction, as compared to 
any other beam forming direction of any other reference sig 
nal of said plurality of reference signals. 

28. The eNodeB of claim 19, wherein the radio circuitry is 
further configured to receive a plurality of CSI reports for 
respective reference signals of the plurality of reference sig 
nals. 

29. The eNodeB of claim 28, wherein the processing cir 
cuitry is configured to configure a plurality of CSI Processes 
and/or a CoMP Measurement Set for said specific user equip 
ment, the CSI Processes and/or the set comprising, at least, 
the plurality of reference signals associated with said plural 
ity of CSI reports. 

30. The eNodeB of claim 29, wherein the processing cir 
cuitry is configured to select said at least one primary refer 
ence signal from said plurality of reference signals associated 
with said plurality of CSI reports. 

31. The eNodeB of claim 23, wherein the at least one 
primary reference signal is selected Such that a beam forming 
direction of said at least one primary reference signal, aligns 
most closely with the at least one candidate beam forming 
direction, as compared to any other beam forming direction of 
any other reference signal of said plurality of reference sig 
nals. 
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32. The eNodeB of claim 27, wherein the processing cir 
cuitry is configured to determine the at least one candidate 
beam forming direction further based on signal quality indi 
cators, CQI, of the at least one CSI report. 

33. The eNodeB of claim 27, wherein the at least one CSI 
report is a plurality of CSI reports and the at least one primary 
reference signal is a reference signal associated with a CSI 
report with a highest signal quality indicator or a correspond 
ing highest recommended total transmission rate. 

34. The eNodeB of claim 19, wherein the processing cir 
cuitry is further configured to configure said specific user 
equipment to measure said plurality of reference signals, and 
report an index identifying a recommended effective channel 
among a plurality of effective channels excited by said plu 
rality of reference signals; and the radio circuitry is further 
configured to receive said index from said specific user equip 
ment. 

35. The eNodeB of claim 34, wherein the processing cir 
cuitry is further configured to determine the at least one 
primary reference signal based on said received index. 

36. The eNodeB of claim35, wherein said index and said at 
least one CSI report are received in a same report from the 
specific user equipment, and the at least one CSI report rep 
resents said identified recommended effective channel. 

37. A method in a user equipment, for establishing beam 
forming for a multiple antenna system, the user equipment 
being comprised in a wireless communications network, the 
method comprising: 

receiving, from an eNodeB, a plurality of reference signals, 
each reference signal being beam formed into a distinct 
direction within at least one correlated domain of the 
multiple antenna system; 

measuring a corresponding effective channel for, at least a 
Subset, of the plurality of reference signals; 

determining a recommended effective channel, among said 
effective channels, based on a performance metric relat 
ing to a performance of a data transmission over a given 
effective channel; and 

transmitting, to a wireless communication network, an 
index identifying said recommended effective channel 

38. The method in claim 37, further comprising transmit 
ting a CSI report for said recommended effective channel. 
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39. The method of claim 37, wherein the CSI reportcom 
prises a Precoder Matrix Indicator, PMI, a Rank Indicator, RI, 
and/or at least one signal quality indicator, COI. 

40. The method of claim 37, wherein the plurality of ref 
erence signals are Channel State Information Reference Sym 
bols, CSI-RS. 

41. The method of claim 37, wherein said performance 
metric is an effective received signal power. 

42. The method of claim 37, wherein said performance 
metric is an effective data throughput. 

43. A user equipment, for establishing beam forming for a 
multiple antenna system, the user equipment being com 
prised in a wireless communications network, the user equip 
ment comprising: 

radio circuitry configured to receive, from an eNodeB, a 
plurality of reference signals, each reference signal 
being beam formed into a distinct direction within at 
least one correlated domain of the multiple antenna sys 
tem; 

processing circuitry configured to measure a correspond 
ing effective channel for, at least a subset, of the plurality 
of reference signals; 

the processing circuitry further configured to determine a 
recommended effective channel, among said effective 
channels, based on a performance metric relating to a 
performance of a data transmission over a given effec 
tive channel; and 

the radio circuitry further configured to transmit, to a wire 
less communication network, an index identifying said 
recommended effective channel. 

44. The user equipment in claim 43, wherein the radio 
circuitry is further configured to transmit a CSI report for said 
recommended effective channel. 

45. The method of claim 43, wherein the CSI report com 
prises a Precoder Matrix Indicator, PMI, a Rank Indicator, RI, 
and/or at least one signal quality indicator, COI. 

46. The user equipment of claim 43, wherein the plurality 
of reference signals are Channel State Information Reference 
Symbols, CSI-RS. 

47. The user equipment of claim 43, wherein said perfor 
mance metric is an effective received signal power. 

48. The user equipment of claim 43, wherein said perfor 
mance metric is an effective data throughput. 
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